The outcome at ten years of 100 Freeman hip stems (Finsbury Orthopaedics, Leatherhead, United Kingdom) retaining the neck with a proximal hydroxyapatite coating in a series of 52 men (six bilateral) and 40 women (two bilateral), has been described previously. None required revision for aseptic loosening. We have extended the follow-up to 20 years with a minimum of 17 years. The mean age of the patients at total hip replacement was 58.9 years (19 to 84).
The outcome at ten years of 100 Freeman hip stems (Finsbury Orthopaedics, Leatherhead, United Kingdom) retaining the neck with a proximal hydroxyapatite coating in a series of 52 men (six bilateral) and 40 women (two bilateral), has been described previously. None required revision for aseptic loosening. We have extended the follow-up to 20 years with a minimum of 17 years. The mean age of the patients at total hip replacement was 58.9 years (19 to 84).
Six patients were lost to follow-up, but were included up to their last clinical review. A total of 22 patients (22 hips) had died, all from causes unrelated to their surgery. There have been 43 re-operations for failure of the acetabular component. However, in 38 of these the stem was not revised since it remained stable and there was no associated osteolysis. Two of the revisions were for damage to the trunnion after fracture of a modular ceramic head, and in another two, removal of the femoral component was because of the preference of the surgeon. In all cases the femoral component was well fixed, but could be extracted at the time of acetabular revision. In one case both components were revised for deep infection. There has been one case of aseptic loosening of the stem which occurred at 14 years. This stem had migrated distally by 7.6 mm in ten years and 8.4 mm at the time of revision at which stage it was found to be rotationally loose. With hindsight this component had been undersized at implantation.
The survivorship for the stem at 17 years with aseptic loosening as the endpoint was 98.6% (95% confidence interval 95.9 to 100) when 62 hips were at risk. All remaining stems had a satisfactory clinical and radiological outcome. The Freeman proximally hydroxyapatite-coated femoral component is therefore a dependable implant and its continued use can be recommended.
The proximally hydroxyapatite (HA)-coated version of the neck-retaining Freeman hip stem (Finsbury Orthopaedics, Leatherhead, United Kingdom and Corin Medical, Cirencester, United Kingdom) was first implanted in 1989. The outcome of the first 100 stems in 52 men (six bilateral) and 40 women (two bilateral) at ten years has been described previously, with survivorship of 100% for aseptic loosening (95% confidence interval (CI) 95.7 to 100) when 59 stems were at risk. 1 We have now extended the follow-up of this series to a minimum of 17 years.
Patients and Methods
At operation the mean age of the patients was 58.9 years (19 to 84). The diagnosis was osteoarthritis (OA) in 70 hips, rheumatoid arthritis in seven, post-traumatic arthritis in 14 and either avascular necrosis, previous septic arthritis or arthritis secondary to developmental dysplasia in nine.
All the operations were performed between January 1989 and March 1992 using a modified anterolateral approach 2 and a technique which has been described previously. 3 The femoral stem had cementless fixation. All the acetabular components were uncemented and consisted of press-fitted screw-in Rotalok implants (8 of 100) (Corin Medical) or SLF components with or without HA coating (57 of 100 and 33 of 100, respectively; Corin Medical and Finsbury Orthopaedics) and Freeman metal-backed acetabular components (2 of 100) (Corin Medical and Finsbury Orthopaedics). The implant. The prosthesis retains the femoral neck in order to increase fixation, with reduced loading on the medial cortex, and to afford rotational control. 4 These principles have been demonstrated previously in laboratory studies. 5, 6 The distal section is polished and tapered to aid accurate alignment, but to avoid distal fixation. The proximal section to which bone ongrowth is anticipated, bears longitudinal ridges and stipples in order to engage with the prepared femur on insertion, is gritblasted to a surface roughness of 3 μRa and plasmasprayed with HA to a thickness of 80 μm to 120 μm. Radiological review. The patients were reviewed biennially as a matter of course from the tenth year with additional visits determined by clinical need. On each occasion a clinical and radiological assessment was undertaken. If a patient could not attend because of distance, a telephone interview was undertaken and standardised anteroposterior (AP) radiographs obtained locally were forwarded for review. For these images the beam was centred at the greater trochanter with the exposure capturing the whole of the prosthesis so that vertical distal migration could be measured. 7 The post-operative AP films were examined for the presence of radiolucent lines using the same definition as in the previous publication 1 of a linear lucency at the cementbone interface occupying at least 30% of any of the zones of Gruen, McNeice and Amstutz. 8 A progressive radiolucent line was defined as an increase in width by 1 mm. Additionally the films were scrutinised for osteolytic defects which were defined as expansive scalloped lesions lacking a sclerotic margin 9 with their location recorded according to the Gruen zones. 8 The presence and location of any reactive line 10 were recorded.
Measurement of migration.
In the initial report the vertical migration of the femoral component was measured using a digitising tablet recording change in the vertical distance of the tip of the greater trochanter, as the bone reference point, and the adjacent proximal tip of the femoral component within the greater trochanter. 11, 12 With the advent of the Picture Archiving and Communication Systems (PACS) we have had to adhere to the same principle of measurement, but with films provided in conventional, digital and PACS formats. We used a digital calliper (Faithful Digital Calliper; Draper, Eastleigh, United Kingdom) for any radiographs produced on film. For those supplied in the PACS format, we used the system tools of the Sectra PACS viewer (Imtec AB, Linköping, Sweden). In both cases the known size of the prosthetic head was used for calibration. Survival analysis. This was undertaken using the life-table method calculating the 95% CI using the Rothman formula as recommended in other reports 13, 14 with revision for any reason as the first and revision for aseptic loosening as the second endpoint. For the latter analysis any implant removed for reasons other than aseptic loosening was recorded as a death. Finally, any patient lost to follow-up was treated as a failure. Clinical outcome. The functional outcome of the patients was measured using the Harris hip score (HHS).
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Statistical analysis. The statistical significance of any change between the pre-operative mean HHS and the mean at the final review was compared using the Mann-Whitney U test.
Results
Six patients were lost to follow-up, but were included up to their last clinical review. Of these, four had emigrated and had follow-up results available at four, ten, 11 and 12 years, respectively. The other two patients moved and their most recent assessment was made at 14 and 16 years. During the period of the study 22 patients (22 hips) died, all from causes unrelated to their surgery, including two who died before their first six-month follow-up. Revision procedures. A total of 43 revisions of the acetabular component were undertaken for loosening. However, in all but five of these cases the stem was not revised. In two of these five, revision of the stem was required because of damage to the trunnion after fracture of a modular ceramic head. In two further patients, one with a fractured ceramic head and the other with an associated periprosthetic fracture, treatment was undertaken elsewhere with removal of the stem at the time of the acetabular revision. In each of these four hips the femoral component was well fixed with evidence of osseointegration including adherent bone at the time of removal. The fifth stem was revised in a hip intended for acetabular revision for aseptic loosening, but at operation infection was suspected and therefore both components were removed. Alpha-haemolytic streptococcus was subsequently cultured in all of four intra-operative specimens taken from this patient.
There was been only one case of aseptic loosening of the femoral component which was revised at 14 years. The stem was found to be rotationally loose at revision and in hindsight was undersized at primary implantation. It migrated distally by 2.1 mm in the first year and then progressively in an asymptomatic manner to 7.6 mm at ten years 1 reaching 8.4 mm at 14 years when revision was undertaken for discomfort. Survival analysis. The survivorship for the stem, with aseptic loosening as an endpoint at 17 years was 98.6% (95% CI 95.9 to 100.00) with 62 hips at risk, all of which had a satisfactory clinical and radiological outcome. At 20 years the survival rate remained unchanged at 98.6% (95% CI 90.2 to 100), but only 27 patients were at risk, and therefore the minimum follow-up was for 17 years (Table I, Fig. 1 ). The survival of the stem for revision for any reason at 17 years was 91.6% (95% CI 84.9 to 98.9) (Table II, Fig. 1) . If the patients who were lost to follow-up were included as failures, survival of the stem at 17 years fell to 84.0% (95% CI 76.2 to 93.9; Fig. 1 ).
The acetabular failures occurred without any obvious pattern, between the eighth and 15th years. By 17 years the following acetabular components had been revised: the Freeman metal-back (one of two, at 13 years), the SLF uncoated (15 of 33 between the fifth and 19th years; mean 13 years), the SLF HA-coated (19 of 57 between the second and 19th years; mean 12 years) and three of the eight Rotalok acetabular components at nine, 12 and 17 years. Tables I and II) .
further migration after ten years, but we acknowledge that the lower limit of detection of the measurement technique is 0.1 mm (Fig. 2) . Radiological evidence of loosening or osteointegration. Radiolucent lines were observed in only two patients, one revised for loosening and one for infection. These occupied zones I and II in the hip with aseptic loosening and zones I, II and VII in that revised for possible aseptic loosening which subsequently proved to be infected. Osteolytic lesions were not found in any patient. In all, 50 hips had reactive lines. These did not progress and were isolated to the zones adjacent to the polished distal portion of the stem. 'Spot welds' and trabecular re-orientation occurred in 46 of the 52 hips (88.5%) with radiological follow-up at 17 years. These features where isolated to the HA-coated portion of the stem with the trabecular pattern re-orientated towards the HA coating, most marked at the site where the straight section of the stem met the triangular profile. None of the remaining six hips (of 52) had radiolucent lines or reactive lines in Gruen zones I, II, VI and VII.
Discussion
Extending the follow-up of the original series has revealed the dependability of HA coating in regard to the enhancement of fixation in the long term 16 with only one stem with aseptic loosening, giving survival of 98.6% (95% CI 95.9 to 100) at 17 years. This stem was associated with high migration from the time of implantation supporting the view that this component had been undersized and had never had sufficient stability to allow bone ongrowth. 17 The high migration shown by this isolated aseptic femoral failure confirmed the view already expressed for this design that early radiological observations may predict the longterm outcome of femoral prostheses. 18 More specifically it has been demonstrated that a migration rate exceeding 1.2 mm per year in the first two years after implantation for this design is associated with late aseptic loosening. 19 The survivorship of the acetabular components has been reported previously with the Rotalok component, in particular, having unsatisfactory results with a survivorship of 70.75% (95% CI 54.6 to 82.9) after ten years. 20 This implant was withdrawn. The SLF components without an HA coating had a published survival of 94.6% (95% CI 87 to 100) at ten years and with an HA coating of 89.6% (95% CI 83.3 to 100) over the same period. 21 Neither version of the SLF implant used in this study was porous-coated or had supplementary screw fixation, which may be relevant to its poor performance. Again, these acetabular components have been superseded. However, it is evident that the failure of the acetabular component was not associated with the development of osteolysis around the femoral component or clinical or radiological loosening. This supports the observation that in the presence of an HA coating a bond develops with the surrounding bone of a similar strength to that of the cortical bone 22 which can act as a barrier to the ingress of particulate debris. 23 The Furlong fully HA-coated femoral component (Joint Replacement Industries, London, United Kingdom) has been extensively reported at mid term with comparable survivorship to that in the ten year report for the Freeman HA-coated stem. 1, [24] [25] [26] [27] The results have been sustained in the long term, but with similar problems of acetabular failure. 28, 29 Data from the Norwegian Hip Registry for proximally HA-coated femoral components show that there are four designs of implant with survivorship > 96% at ten years. 30 Excellent results have also been reported for another independent series of proximally HA-coated femoral components. 31 It is unclear whether a stem should be proximally or fully HA-coated. With the application of an appropriately roughened proximal coating, similar standards of fixation have been reported at ten years 32 and, subsequently, at a mean of 20 years in uncemented fixation of the femoral component without HA coating. 33 However, when fixation is restricted to the proximal section of a femoral stem by confining the application of the HA to this area and polishing the distal portion to prevent ongrowth at that site, loading should occur preferentially in the proximal region. An evaluation of proximal femoral stress-shielding using dual energy x-ray absorptiometry (DXA) at a mean follow-up of 8.8 years in the proximally HA-coated Immediate Post-operative Stability femoral hip stem (DePuy, Leeds, United Kingdom), which sacrificed the femoral neck but also had a short polished distal segment, revealed some reduction in the mean mineral density in Gruen zones I, VI and VII. However, in zones II, III, IV and V the mean density was slightly increased. 34 This pattern of change in the mean mineral density for each zone was also observed in a DXA study for up to five years for the Alloclassic stem (Zimmer-Centerpulse, Baar, Switzerland) which relies on proximal and distal fixation. 35 It was noted that the mean overall bone mineral density for all the Gruen zones remained unchanged at five years, but that a redistribution of the bone density had occurred. 35 A short-term DXA study of the Freeman stem with and without proximal HA coating showed superior bone preservation in those patients who received the HA-coated device. 36 A tapered design of stem produces limited proximal stress shielding 37 although proximal resorption of bone is still documented in both titanium and cobaltchromium implants. 38 The absence of distal fill reduces the amount of proximal stress shielding which has been confirmed by cortical strain measurement in an in vitro study, 39 but the effect of retaining the neck has not been investigated.
Since isolated proximal fixation in the presence of HA coating in the Freeman stem affords reliable long-term fixation, consideration should be given to whether the distal portion of the stem is required at all for fixation and if its absence would help to reduce any proximal stressshielding. A recent DXA study found that progressive shortening of the femoral stem produced more proximal loading which effectively preserved metaphyseal bone stock. 40 In this study prostheses of two types, one with a short stem and one without a stem, were analysed. The Gruen zones were modified to comprise five regions of interest and numbered lateral to medial. The medial zones IV and V showed an increase in bone mineral density while the other zones were unaffected.
The proximally HA-coated Freeman stem remains in current use. In its present form it proves to be a dependable implant and its continued use can be recommended.
